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AB Pharmaceutical compns . containing an FBPase inhibitor [I and II; wherein in 
vivo or in vitro compds . I and II are converted to MP03-2 which inhibits 
FBPase; and wherein Y = 0, NR6 ; when Y = 0, then Rl = H, alkyl, aryl, 
etc.; when Y = NR6, then Rl = H, ( cycloalkylene ) C02R3 , C(R4)2C02R3, etc.; 
R3 = alkyl, aryl, aralkyl, alicyclic; R4 = H, alkyl; or together R4 and R4 
form a cyclic group; R6 = H, alkyl, acyloxyalkyl , etc.; n = 1-3; R18 = H, 
alkyl, aryl, etc.; R12, R13 = H, alkyl, aryl, etc.; R14 = 0R17, N(R17)2, 
SR17, etc.; R15 = H, alkyl, aryl, etc.; R16 = alkyl, aryl, aralkyl, etc.; 
R17 - alkyl, aryl, aralkyl, etc.; M = XR5 (wherein R5 = III and IV; G = C, 
N, 0, S, Se; Gl - C, N; A = H, halo, alkyl, etc.; B , D - H," alkyl, aryl, 
etc.; E = H, alkyl, alkenyl, etc.; J = H, null; X = alkyl (hydroxy) , 
heteroaryl, alkoxycarbonylamino, etc.); with the provisos] and an insulin 
sensitizer are provided as well as methods for treating diabetes and 
diseases responding to increased glycemic control, an improvement in 
insulin sensitivity, a reduction in insulin levels, or an enhancement of 
insulin secretion. Syntheses of compds. I are described in 49 synthetic 
examples. E.g., a multi-step synthesis of 2-amino-5- (2 -f uranyl) -4- [2- (5- 
phosphono) f uranyl] thiazole, was given. 
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The title compds . R5XP (O) { YR1 ) 2 [I; wherein X = (un) substituted (cyclic) 
linking group between R5 and P via 1-4 atoms, including 0-1 N, 0, or S 
atoms; or X = urea or carbamate; Y = independently 0 or NR6 ; when Y = 0, 
Rl = H, alkyl, (un) substituted (alkyl)aryl or alicyclic, C (R2 ) 20C (0) NR22 , 
NR2C(0)R3, C(R2) 20C(0)R3, etc.; when Y = NR6, Rl = H, [C (R2 ) 2] qC (0) 0R3 , 
C(R4)2C(0)0R3, [C(R2)2]qC(0)SR3, cycloalkylene- C (0) 0R3 , etc.; R2 = H or 
R3 ; R3 = (ar) alkyl, aryl, or alicyclic; R4 = H, alkyl, etc.; R5 = 
(un) substituted benzothiazolyl , benzoxazolyl , thiazolyl, (is ) oxazolyl , 
imidazolyl, pyrazolyl, tetrazolyl, pyridyl , pyrimidinyl, pyrazinyl, etc.; 
R6 = H, (acyloxy) alkyl , alkoxycarbonyloxyalkyl , or acyl ; q = 1-2], and 
their prodrugs, were prepared via high throughput and standard synthetic 
methods. Compds. I and their prodrugs were tested for a variety of biol . 
activities including inhibition of fructose 1 , 6 -bisphosphatase (FBPase) 
and activity toward AMP binding enzymes, such as adenosine kinase. 
Compds. of the invention are useful in the treatment of diabetes and other 
diseases where inhibition of gluconeogenesis , control of blood glucose 
levels, reduction in glycogen storage, or reduction in insulin levels is 
beneficial. Thus, the phosphonof uranylthiazole (II) was prepared and tested 
for inhibition of human liver FBTase (IC50 = 0.025 M-M) , inhibition of 
gluconeogenesis (IC50 = 2.5 uM) , and blood glucose lowering (65% i.v.). 
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A combination therapy of at least one FBPase inhibitor ((R1Y)2P(0)M and 
R14C(0) (CR12R13)nN(R18) P{0) (NR15R16)M; e.g. 2 -amino- 5 -propylthio-4 - ( 5 - 
phosphono-2-furanyl) thiazole monohydrobromide and 2 -amino- 5-isobutyl -4 - [2- 
[N,N> -bis [ (S) -1- (ethoxycarbonyl) ethyl ] phosphonodiamido] -5-furanyl] thiazole 
{shown as I)) and at least one other antidiabetic agent (insulin 
secretagogue ; e.g. glyburide, a sulfonylurea) is disclosed. (R1Y)2P(0)M 
and R14C(0) (CR12R13 ) nN (R18 ) P (0) (NR15R16)M are converted in vivo or in . 
vitro to MP032-, which inhibit FBPase; the substituents are defined in the 
claims. General methods and about 15 specific example prepns . of the 
phosphorus compds . are included but no methods of preparation are claimed. 



the biol. examples, data is presented for the following for selected 
phosphorus compds . and other materials: inhibition of human liver FBPase, 
inhibition of rat liver and mouse liver FBPase, inhibition of 
gluconeogenesis by an FBPase inhibitor in rat hepatocytes, inhibition of 
glucose production and elevation of fructose- 1 , 6 -bisphosphate levels in rat 
hepatocytes treated with FBPase inhibitors, anal, of hepatic and plasma 
drug metabolite levels, blood glucose, and hepatic fructose 
1, 6-bisphosphate levels after administration of compound A (shown as II) 
p.o. to normal fasted rats, anal, of hepatic and plasma drug levels after 
administration of compds. i.p. to normal fasted rats, oral bioavailability 
determination of two compds. and oral glucose lowering activity of two compds. 
For insulin secretagogues : insulin release from pancreatic islets, glucose 
lowering in the fasted rat, i.v. glucose tolerance in the fasted rat, oral 
glucose tolerance in the Zucker diabetic fatty rat, insulin secretion in 
the rat, inhibition of KATP-channels in mouse pancreatic beta-cells, and 
sulfonylurea receptor binding. Also included are: inhibition of 
dipeptidyl peptidase IV (DPP-IV inhibitors) , alpha-glucosidase assay, 
glycogen phosphorylase assay, assay of glucose 6 -phosphatase inhibitors, 
glucagon antagonist assay, amylin agonist assay, fatty acid oxidation 
inhibitor assay, glucose lowering in the db/db mouse (FBPase inhibitor) , 
glucose lowering in the ZDF rat, acute combination treatment of an insulin 
secretagogue and an FBPase inhibitor in the ZDF rat, chronic combination 
treatment of an insulin secretagogue and an FBPase inhibitor in the ZDF 
rat, acute combination treatment of insulin and an FBPase inhibitor in 
db/db mice, beneficial effect of chronic combination treatment of insulin 
and an FBPase inhibitor in- db/db mice, and beneficial effect of chronic 
combination treatment of insulin and an FBPase inhibitor in db/db Mice. 
Also included are: acute combination treatment of insulin and an FBPase 
inhibitor in the Goto-Kakizaki rat, acute combination treatment of a 
biguanide and an FBPase inhibitor in db/db mice, acute combination 
treatment of an alpha glucosidase inhibitor and an FBPase inhibitor in 
Goto-Kakizaki rats, acute combination treatment of a glycogen 
phosphorylase inhibitor and an FBPase inhibitor in db/db or ob/ob mice, 
acute combination treatment of a glucose-6 -phosphatase inhibitor and an 
FBPase inhibitor in db/db or ob/ob mice, acute combination treatment of an 
FBPase inhibitor and an amylin agonist, chronic combination treatment of a 
fatty acid oxidation inhibitor and an FBPase inhibitor in the 
streptozotocin- induced diabetic rat. 
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l Novel bisamidate phosphonate prodrugs (I; R5XP (0) (NR15R16) NR18 (CR12R13 ) nC ( 
0) R14 ; e.g. 2-amino-5-isobutyl-4- [5- [N, N 1 -bis ( (S) -1- 
(ethoxycarbonyl ) ethyl ) phosphonodiamido] -2 -f uranyl ] thiazole (II)) of 
f ructose-1 , 6 -bisphosphatase (FBPase) inhibitors and their use in the 
treatment of diabetes and other conditions associated with elevated blood 
glucose were reported. In I, n = 1-3; R2 = R3 , H; R3 = alkyl, aryl , 
alicyclic, and aralkyl ; each R12 and R13 = H, lower alkyl, lower aryl, 
lower aralkyl, all optionally substituted, or R12 and R13 together are 
connected via 2-6 atoms, optionally including 1-2 heteroatoms = 0, N and 
S, to form a cyclic group; each R14 = 0R17, N(R17)2, NHR17, NR20R19 and 
SR17; R15 = H, lower alkyl, lower aryl, lower aralkyl, or together with 
R16 is connected via 2-6 atoms, optionally including 1 heteroatom = 0, N, 
and S; R16 = (CR12R13 ) nC (0) R14 , H, lower alkyl, lower aryl, lower aralkyl, 
or together with R15 is connected via 2-6 atoms, optionally including 1 
heteroatom = 0, N, and S; each R17 = lower alkyl, lower aryl, lower 
aralkyl, all optionally substituted, or together R17 and R17 on N is 
connected via 2-6 atoms, optionally including 1 heteroatom = 0, N, and S; 
R18 = H, lower alkyl, aryl, aralkyl, or together with R12 is connected via 
1-4 C atoms to form a cyclic group; each R19 = H, lower alkyl, lower aryl, 
lower alicyclic, lower aralkyl, and COR3 . R5 = III and IV, wherein each G 
= C, N, 0, S, and Se, and wherein only one G may be 0, S, or Se, and at 
most one G is N; each G' = C and N and wherein no more than two G' groups 
are N; A = H, NR42, C0NR42, C02R3 , halo, S(0)R3, S02R3 , alkyl, alkenyl, 
alkynyl, perhaloalkyl , haloalkyl, aryl, CH20H, CH2NR42, CH2CN, CN, 
C(S)NH2, 0R2, SR2, NHC(S)NR42, NHAc, null; each B and D = H, alkyl, 
alkenyl, alkynyl, aryl, alicyclic, aralkyl, alkoxyalkyl, C{0)R11, C(0)SR3, 
S02R11, S(0)R3, CN, NR92 , 0R3 , SR3 , perhaloalkyl, halo, N02 , and null, all 
except H, CN, perhaloalkyl, N02 , and halo are optionally substituted; E = 
H, alkyl, alkenyl, alkynyl, aryl, alicyclic, alkoxyalkyl, C(0)0R3, C0NR42, 
CN, NR92, N02, 0R3 , SR3 , perhaloalkyl, halo, and null, all except H, CN, 
perhaloalkyl, and halo are optionally substituted; J = H, null. X is an 
optionally substituted linking group that links R5 to the P atom via 2-4 



atoms, including 0-1 heteroatoms (N, 0, and S) , except that if X is urea 
or carbamate there are 2 heteroatoms, measured by the shortest path 
between R5 and the P atom, and wherein the atom attached to the P is a C 
atom, and wherein X = -alkyl (hydroxy )- , -alkynyl-, -heteroaryl - , 
-carbonylalkyl-, -1, 1-dihaloalkyl- , -alkoxyalkyl- , -alkyloxy- , 
-alkyl thioalkyl- , -alkylthio- , -alkylaminocarbonyl - , -alkylcarbonylamino- , 
-alkoxycarbonyl- , -carbonyloxyalkyl- , -alkoxycarbonylamino- , and 
-alkylaminocarbonylamino- , all optionally substituted; with the proviso 
that X is not substituted with C00R2 , S03H, or P03R22; R2 = R3 and H; R3 = 
alkyl, aryl, alicyclic, and aralkyl; each R4 = H, and alkyl, or together 
R4 and R4 form a cyclic alkyl group; each R9 = H, alkyl, aryl, aralkyl, 
and alicyclic, or together R9 and R9 form a cyclic alkyl group; Rll = 
alkyl, aryl, NR22, and 0R2 ; and with the proviso that: (1) when G ' is N, 
then the resp. A, B, D, or E is null; (2) at least one of A and B, or A, 
B, D, and E is not selected from the group consisting of H or null; (3) 
when G is N, then the resp. A or B is not halogen or a group directly 
bonded to G via a heteroatom. Approx. 700 antidiabetic title compds . were 
prepared by standard methods. Results are reported of tests of some of the 
prodrugs and/or the related phosphonic acids for inhibition of human liver 
FBPase, inhibition of rat liver FBPase, inhibition of gluconeogenesis in 
rat hepatocytes, chemical stability, oral bioavailability in rats, oral 
pharmacokinetics in rats, acute and chronic oral efficacy in the ZDF rat, 
and structure activity relationship of human liver phosphoramidase . E.g., 
2-amino-5-isobutyl-4- [5-phosphono-2-f uryl] thiazole, resulting from the 
hydrolysis of the prodrug, exhibited an IC50 of 0.025 uM against human 
liver FBPase and an IC50 of 2.5 as inhibitor of glucose production in 
rat hepatocytes . 
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Pharmaceutical compns . containing an FBPase inhibitor and an insulin 
sensitizer are provided as well as methods for treating diabetes and 
diseases responding to increased glycemic control, an improvement in 
insulin sensitivity, a reduction in insulin levels, or an enhancement of 
insulin secretion. 
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The title compds . R5XP(0) (YR1)2 [I; wherein X = (un) substituted (cyclic) 
linking group between R5 and P via 1-4 atoms, including 0-1 N, 0, or S 
atoms; or X = urea or carbamate; Y - independently 0 or NR6 ; when Y = 0, 



Rl = H, alkyl, (un) substituted (alkyl)aryl or alicyclic, C (R2 ) 20C (0) NR22 , 
NR2C(0)R3, C(R2)20C{0)R3 / etc.; when Y = NR6, Rl - H, [C (R2 ) 2] qC (0) 0R3 , 
C(R4)2C(0)0R3, [C (R2 ) 2 ] qC (0) SR3 , cycloalkylene-C (0) 0R3 , etc.; R2 = H or 
R3; R3 = (ar) alkyl, aryl , or alicyclic; R4 = H, alkyl, etc.; R5 = 
(un) substituted benzothiazolyl , benzoxazolyl , thiazolyl, ( is) oxazolyl , 
imidazolyl, pyrazolyl, tetrazolyl, pyridyl, pyrimidinyl , pyrazinyl, etc.; 
R6 = H, (acyloxy) alkyl , alkoxycarbonyloxyalkyl , or acyl; q = 1-2], and 
their prodrugs, were prepared via high throughput and standard synthetic 
methods. I and their prodrugs were tested for a variety of biol . 
activities including inhibition of fructose 1 , 6 -bisphosphatase (FBPase) 
and activity toward AMP binding enzymes, such as adenosine kinase. 
Compds . of the invention are useful in the treatment of diabetes and other 
diseases where inhibition of gluconeogenesis , control of blood glucose 
levels, reduction in glycogen storage, or reduction in insulin levels is 
beneficial. Thus, the phosphonof uranylthiazole (II) was prepared and tested 
for inhibition of human liver FBTase (IC50 = 0.025 uM) , inhibition of 
gluconeogenesis (IC50 = 2.5 uM) , and blood glucose lowering (65% i.v.). 
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